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ABSTRACT 

Tima changes in the thickness of a thin surface layer of 

a two layer ocean model are proportional to the curl of the wind 

stress if accelerations are sufficiently snail. 

INTRODUCTION 

On page 500 of "The Oceans", Sverdrup, In speaking of 

the transport of water by the wind stress, says "...converging and 

diverging wind systems must, In certain regions lead to an accumulatlo 

of light surface waters and, In other regions, tc a rise of denser 

water from subsurface depths." Vs have exploited this Idea In finding 

the response to be expected of a two layer ocean to wind stresses 

which persist. It is well known that the wind stress causes a trans- 

port which Is proportional to the square of the wind speed and 

directed to the right of the wind vector. It can be seen that if 

we have a region of weak winds to the right of a region of strong 

winds, as for example In Figure 1, there will be a tendency for water 

to accumulate between these regions. 

In a two layer ocean under certain conditions the accu- 

mulation leads to a change in the thickness of the surface layer 

which follows the equation: 

&-MI5*-$fc). 
In this equation: 

R = thickness of a thin homogeneous top layer of a two 
layer ocean. 

f s coriolis parameter. 

t s wind stress. 

P1 = density of surface fluid* 



Surface 

FIGURE 1 

The surface layer with density pt  Is 
transported to the right of the winds. 
The strong winds transport acre water 
Into the region In the center of the 
drawing than is transported out by the 
weak winds.    The resulting accumulation 
of water pushes the deep water of den- 
sity P away from the center of the 
drawing. 
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EQUATIONS OP MOTION 

The equations of notion for the homogeneous upper layer 

with density p' can be written: 

(i) 

(2) 

We concern ourselves with the portion of the pressure and 

wind field that persists. Ue assuae that the currents, set up by 

these pressures and the winds, chenge with tine in such a way that 

we can say in equations (l) and (2) 

I 
i 

and equations (1) and (2) baccate: 

TV-   /"?j?   +?aT (3) 

He assuae that all currants are insignificant at and below 

the interface. These snail currents result in negligible values of 

the stresses near the Interface. (Ve cannot say the currents are 

aero near the interface because the water moves to bring about 

adjustments in the interface, following equation (3), but wo assume 
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these motions seer the interface are primarily vertical la the upper 

layer of water and the total horisontal tranaport la the lover layer 

la spread over a very deep layer and the resulting current* are 

extremely email.) 

CGKT1H0ITX OP MASS 

Though changes in the aean level of the ocean can possibly 

bring about quite large pressure gradients in the homogeneous water 

layer, the error introduced in the thickness of the upper layer by 

using the water surface aa an origin rather than son* fixed level 

line is snail. Changes in the thickness of this layer are observed 

to be lb the order of tens of feet* and water level changes are 

observed to be in the order of feet, at least as measured on coasta. 

Ve can say from observation, therefore, that our model should have 

such small density differences that when water in the ur>per layer 

accumulates in an area that it pushes the interface down and bottom 

water out of the way rather than raising the water surface *y any 

significant amount. 

The integral form of the continuity equation then becomes) 

Ve define Tx and Ty such that this can be written t 

* See the values computed in Technical Report No„ k, Project 29 
Texas A ft M Research Foundation, ORR Contract N7onr-487Q3, KR 
C€3-06l, "Heat Budget of a Water Column-Autumn-Worth Atlantic," 1953. 
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CCHPUTATICH (F THE DIVERGENCE OP WATHt TRABSPCRT 

V» vish to find suitable values of the divergence, $£f+ §^X 

We do this by eliminating tho pr—aure from equation* (3) and U) and 

Integrating tho resulting equation In tho vertical direction. To 

eliminate the pressure we differentiate equation (3) with respect 

to y and aquation (4) with respect to x and we find 

Ve add these equations to gat 

This equation is integrated frcsi s • -H to i • s resulting In 

This can be rewritten, using Leibnitz rule for differentiating integrals, 

Va now use sons of our assumptions: 

Items(2)ana(2)can he neglected because velocities are vary 

small at the bottom of the surface layer and slopes due to largo 

scale wind systems are small. 
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Iteas (£)snd@csn be neglected because the slope of the 

water surface is very saall. 

Iten^Ven be neglected because velocities sad stresses 

an very eaall at the bottoa of the surface layer. 

Using these facts «ad the definitions in equation (5) we 

are now left vith the equation 

We substitute this result in equation (5) and find 

(6) 

Bros we have derived the prediction equation mentioned In 

the introduction. 
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